The inadvertent dispensing of discontinued medications is another form of medication error. Harvard Vanguard Medical Associates found that 1.5 % of electronically discontinued medications were still being dispensed at the pharmacy during a 12-month follow-up, and 34 % of these medications met criteria for higher risk of adverse events. 5 E-prescribing is a component of meaningful use set forth by the Centers for Medicare & Medicaid Service (CMS), and a steady annual increase in its adoption has been reported by Surescripts ® . 6 This technology is not without limitations, however, as it currently allows only for the transmission of new prescriptions or refills from the prescriber to the pharmacy. Discontinuation orders are entered in the prescribing facility's EMR, but not transmitted to the pharmacy, thus resulting in discrepancies between provider and pharmacy medication lists, with potential for dispensing discontinued medications.
Here we report a series of cases in which e-prescribing contributed to medication errors. An exemption to informed consent requirements was granted from the University of Illinois Institutional Review Board.
CASE 1
A 37-year-old woman was referred to a cardiology clinic after being diagnosed with congestive heart failure during hospital admission. She was discharged on 10 mg lisinopril, 25 mg metoprolol succinate and 20 mg furosemide daily. Over the next few outpatient visits, her metoprolol was increased to 75 mg daily.
She was e-prescribed Bmetoprolol 50 mg × 1.5 tabs.^How-ever, the pharmacy dispensed the previous prescription, Bmetoprolol 50 mg daily, #30.^Consequently, she ran out of medication early, resulting in an insurance rejection when a refill was requested. The pharmacist was unable to determine the reason for the error, but suggested that the patient may have requested a refill using the old bottle. Despite confirmation that the prescription for the dose increase was received, the old prescription was still active and available for refill requests.
CASE 2
A 49-year-old man with congestive heart failure presented to the clinic with shortness of breath at rest, massive edema to the thighs, and a 10-kg weight gain. His pharmacy mistakenly filled a bumetanide prescription for 3 mg twice daily (utilizing 1-mg tablets) 4 days after a new prescription was e-prescribed for 4 mg twice daily. Because the patient took the increased dose, the old prescription did not provide a sufficient supply for 30 days, resulting in an insurance rejection when the refill was requested. Consequently, the patient was hospitalized for heart failure exacerbation for 7 days, having exhausted his diuretic supply a week early. Similar to case 1, the pharmacy confirmed receipt of the new prescription for the dose increase and had two active prescriptions on file for the same medication, but could not explain why the higher dose had not been dispensed. Furthermore, the pharmacist confirmed that the patient had asked for his diuretic, but because it was a Friday afternoon, the insurance provider could not be reached for approval to dispense additional medication, and did the pharmacist did not offer the patient a temporary supply until the issue could be resolved.
CASE 3
Upon discharge of a 25-year-old woman hospitalized for lupus exacerbation, e-prescriptions were sent to her pharmacy. In addition to new prescriptions related to her hospitalization, several prescriptions for the patient's chronic medications were e-prescribed. Among these was hydroxychloroquine. Unfortunately, the prescriber mistakenly wrote an e-prescription for a look-alike/sound-alike drug, hydroxyurea. The prescriber caught the error just a few moments after signing the e-prescription, and the order for hydroxyurea was discontinued. However, that order did not prompt a Bstop^or Bdiscontinue^notice to the pharmacy. Approximately 1 month later, the patient was readmitted to the hospital with complaints of generalized weakness. Her pharmacy was contacted, and it was discovered that the patient had filled and been taking both the erroneous hydroxyurea prescription and the hydroxychloroquine. During the hospitalization, the patient was noted to have leukopenia (WBC 1100/mm 3 ) and neutropenia (absolute neutrophil count 400/mm 3 ), consistent with the toxicity profile of hydroxyurea. These hematological toxicities eventually resolved upon discontinuation of the drug.
CASE 4
A 58-year-old man with congestive heart failure and ventricular tachycardia presented to an electrophysiology clinic for routine monitoring of his amiodarone. Upon findings of fibrosis on chest x-ray, the patient was instructed to discontinue his 200-mg amiodarone tablet. The medication was also cancelled in the EMR at the prescribing institution. At a follow-up visit 3 months later, it was found that the patient mistakenly discontinued his 200-mg metoprolol succinate tablets and continued the 200 mg amiodarone. Similar to case 4, the discontinuation of a prescription in the local EMR did not transmit a stop order to the pharmacy, so the patient continued to receive refills of a medication that was causing an adverse event.
CASE 5
A 64-year-old woman with a drug-eluting stent was prescribed clopidogrel for 1 year. After 2 months, her prescription was changed to ticagrelor due to an adverse effect with clopidogrel.
The prescriber utilized the special instructions box in the eprescribing system, stating BPatient with rash on clopidogrel. This medicine replaces clopidogrel.^Prescriptions were dispensed correctly until November, when the patient began receiving 30-day supplies of both clopidogrel and ticagrelor. The error was discovered in January, and the patient stated that she was not taking the clopidogrel. When asked why she was buying clopidogrel, she replied, BI call the store and ask them to send all of my medications.^The pharmacy was contacted by phone and advised of the error, at which time the clopidogrel prescription was cancelled.
DISCUSSION
The emergence of novel technologies designed to improve health systems has allowed for more efficient patient care experiences and, in many ways, has facilitated more effective interdisciplinary communication. However, such advances in technology may be accompanied by a variety of limitations and untoward consequences. In each case described above, a change was made to a patient's medications. However, because of technology limitations and human error, each of these patients' pharmacotherapy regimes was deleteriously affected.
Cases 1 and 2 highlight issues with dose changes. In each scenario, the patient took an increased dose using their pill supply. When a refill was provided, the pharmacist did not utilize the most current prescription order, leading to the patient receiving an inadequate supply of medication. A specific root cause was not discovered, but we can postulate that one of the following occurred: 1) the patient unknowingly refilled the previous prescription, 2) the patient was enrolled in an automatic refill program that refilled the patient's previous dose, or 3) the pharmacist did not contact the prescriber regarding dose clarification.
Cases 3, 4, and 5 are a result of dispensing discontinued medications. In case 3, the provider realized his mistake immediately but was unaware he needed to call the pharmacy to cancel the prescription. As a result, the patient received an unintended medication, resulting in serious adverse effects. In case 4, although this patient did not experience an adverse outcome, amiodarone-induced pulmonary fibrosis is reported to be fatal in anywhere from 1 to 33 % of cases. 7, 8 The patient's inadvertent discontinuation of the wrong medication exposed him to risk of worsening fibrosis, along with missing an important medication for his heart failure. In case 5, duplicate therapy was dispensed, subjecting the patient to the risk of bleeding. In each case, the medication was discontinued within the healthcare system's EMR. Since the stop orders for the hydroxyurea and amiodarone were not transmitted to the pharmacy, the pharmacists had no way of knowing not to fill them, nor do they have access to a patient's problem list. In case 5, the provider took the extra step in stating that the new order for ticagrelor was replacing clopidogrel, but the pharmacist did not utilize or may not have seen this information.
Finally, cases 2 and 3 illustrate the potential magnitude of system failure, as both resulted in hospitalization.
Each of these cases occurred within a single healthcare system using the same EMR (Cerner ® ) for inpatient and outpatient encounters. The provider responsible for managing the disease was the prescriber of the medication change. The five cases occurred at four different pharmacies, each a community chain drug store.
To date, most research has focused on the evaluation of errors related to the implementation of e-prescribing software (data entry and electronic transmission). [9] [10] [11] [12] [13] Cochran et al. found a 2.5 % discrepancy rate between clinic eprescriptions and pharmacy labels.
14 Nanji and colleagues characterized the unrealized potential and residual consequences of e-prescribing. 15 Limitations in communication were described, highlighting the unidirectional (prescriber to pharmacy) flow of electronic information. Also noted was the fact that prescribers were unable to electronically cancel or modify prescriptions, and instead had to call the pharmacy to correct any errors. The frequency of errors described in this case series is unknown, but it highlights a systemic failure due to limitations in the e-prescribing software, human error in utilization of the system, and low patient literacy.
Improved methods of electronic communication between the clinic and the pharmacy are needed. The automatic transmission of stop orders to the pharmacy could prevent the dispensing of discontinued medications. The transmission of cancellation notices is contingent on both provider and pharmacy software functionality. Surescripts ® currently has 108 provider and 70 pharmacy software systems certified for eprescribing. 16 The National Council for Prescription Drug Programs (NCPDP) includes cancellation of a prescription in the SCRIPT standard. 17 The NCPDP SCRIPT implementation guide contains information for stakeholders to create software for the exchange of data. 18 Until this type of transaction between EMR's and pharmacies is universal, the risk of these types of errors remains high.
With regard to dose changes, pharmacies do not automatically inactivate a drug when a new order for a different strength is received, as they do not immediately know the prescriber's intent. For example, a patient could have orders for 25 and 50 mg hydralazine TID. The intent could be a dose increase or a patient using both orders to make up a 75-mg TID dose. Software enhancements to allow the pharmacy to communicate electronically with the prescriber would enable pharmacists to obtain dose clarifications. 15 Finally, including an indication on the prescription may help in the detection of medication errors such as the wrong patient or wrong drug, as described by Nanji et al. 15 and shown in case 3. Until these enhancements can be made, healthcare systems should direct efforts toward increased awareness of eprescribing limitations and should educate prescribers accordingly. We recommend direct communication with pharmacies in cases where harm could result from the continued use of a medication. Patients should be provided with printed medication lists at each encounter and instructed to verify medications/doses with their pharmacy. The addition of notations to prescriptions to indicate the prescriber's intent may help improve communication to the pharmacist. Finally, pharmacists need to pay close attention to active prescriptions and reach out to the prescriber to clarify doses or duplications in therapy.
CONCLUSION E-prescribing has been shown to reduce transcription errors, and utilization of this practice is on the rise. However, as evidenced by these cases, under-recognized limitations of the technology can lead to adverse outcomes. Software upgrades to enhance provider-pharmacy communication and to allow for discontinuation orders may help mitigate the risk of these types of medication errors. Until then, recognizing and educating providers on the limitations of e-prescribing is imperative.
